Reduced P3 amplitude to targets is an information-processing deficit associated with adult antisocial behavior and may reflect dysfunction of the temporal-parietal junction. This study aims to examine whether this deficit precedes criminal offending. From a birth cohort of 1,795 children, 73 individuals who become criminal offenders at age 23 and 123 noncriminal individuals were assessed on P3 amplitude. The two groups did not differ on gender, ethnicity, and social adversity. P3 amplitude was measured over the temporal-parietal junction during a visual continuous performance task at age 11, together with antisocial behavior. Criminal convictions were assessed at age 23. Reduced P3 amplitude at age 11 was associated with increased antisocial behavior at age 11. Criminal offenders showed significantly reduced P3 amplitudes to target stimuli compared to controls. Findings remained significant after controlling for antisocial behavior and hyperactivity at age 11 and alcoholism at age 23. P3 deficits at age 11 are associated with adult crime at age 23, suggesting that reduced P3 may be an early neurobiological marker for cognitive and affective processes subserved by the temporal-parietal junction that place a child at risk for adult crime.
latency indicating superior cognitive performance in allocating attentional resources for memory processing (Polich, 2003) . As such, reduced P3 amplitude broadly reflects relatively poorer attentional processing of the target stimulus. P3 impairments have been associated with antisocial and psychopathic behavior in adolescents and adults (Bernat, Hall, Steffen, & Patrick, 2007; Costa et al., 2000; Gao & Raine, 2009; Kiehl, Hare, Liddle, & McDonald, 1999; Munro et al., 2007) , and child conduct disorder (Bauer & Hesselbrock, 1999a , 1999b Kim, Kim, & Kwon, 2001) . Specifically, a recent meta-analysis of 38 studies has shown that antisocial individuals have reduced P3 amplitudes and longer P3 latencies to target stimuli (Gao & Raine, 2009) . It was postulated that inefficient neural processing of salient environmental stimuli, as indicated by reduced P3 amplitude, may predispose a subgroup of individuals to antisocial and criminal behavior (Gao & Raine, 2009) .
At the neuroanatomical level, emerging evidence from magnetoencephalography, functional magnetic resonance imaging, and lesion studies has indicated that the temporal-parietal junction may be critically involved in the generation of visual P3 to target stimuli (Iwaki, Sutani, Kou, & Tonoike, 2007; Kiehl, Laurens, Duty, Forster, & Liddle, 2001; Polich & Criado, 2006) . The temporal-parietal junction has been implicated in a broad range of social cognition tasks and in representation of the mental states of others (Saxe & Kanwisher, 2003) . The ability to represent the mental states of others has in turn been considered to be necessary for emotional empathy to occur (Batson, Fultz, & Schoenrade, 1987) . Brain imaging studies have indicated that the key areas of the temporal-parietal junction (angular gyrus and the posterior superior temporal gyrus) are involved in moral decision making and empathy (Decety & Lamm, 2007; Moll, de Oliveira-Souza, & Eslinger, 2003; Raine & Yang, 2006) , and a recent study has also suggested that temporal-parietal junction is involved in inhibition (Hedden & Gabrieli, 2010) . In this context, antisocial and psychopathic behavior is associated with reduced empathy (Miller & Eisenberg, 1988) and, almost by definition, with disinhibition and immoral rule-breaking behavior (Blair, 1995) . Consequently, reduced P3 amplitude may reflect dysfunction of the temporal-parietal junction in psychopathic and antisocial individuals. This could account for impaired development of morality, empathy, and behavioral inhibition, which in turn predisposes to adult offending. Reduced P3 amplitude relatively early in life may therefore increase the risk for criminal offending in adulthood.
Despite the relatively consistent evidence for a link between P3 impairments and antisocial behavior, prior work has almost exclusively utilized cross-sectional designs in late adolescence or adulthood. Because the brain is actively changing and developing during adolescence (Giedd et al., 1999) , it is unclear whether the differences in P3 measures that confer increased risk for criminal behavior can be detected at an early age. Therefore the primary goal of the present study was to examine if reduced P3 amplitude early in life is associated with adult criminality. To the authors' knowledge, only one study has prospectively investigated the relationship between P3 and criminality (Raine, Venables, & Williams, 1990) . Raine et al. (1990) reported that P3 latency at age 15 years to be associated with criminal status at age 24 in a community sample of male subjects, but the direction of this effect (shorter latency in antisocial individuals) is inconsistent with findings in antisocial adults of longer P3 latencies (Gao & Raine, 2009) . P3 latency has been interpreted as reflecting stimulus evaluation time and the time required to evaluate and categorize an event (Donchin & Coles, 1988) . It was therefore proposed that the relationship between P3 latency and criminality indicates enhanced processing speed in criminals to task-relevant events (Raine et al., 1990) .
However, two limitations of the study should be noted. First, the sample size was low (n = 17), thus resulting in instability and low power in estimates of the magnitude and direction of effects. Second, this study did not control for the potential confounding effect of alcohol use. Iacono, Carlson, Malone, and McGue (2002) found that reduced P3 amplitude in a visual oddball task predicted the development of substance use disorders at age 20 in a community sample of male youth. In fact, it has been proposed that P3 amplitude reduction is an index of genetic vulnerability for a broad spectrum of disinhibited psychiatric disorders, including childhood disruptive disorders, antisocial behavior, substance use disorders, and personality traits related to behavioral undercontrol (Iacono et al., 2002; Iacono, Malone, & McGue, 2003) . Therefore, the secondary goal of the current study was to examine if the P3-criminality association remains significant after alcohol use is controlled for.
To address this research gap, the current study examines relationships between P3 measured at age 11 years and both antisocial behavior at age 11 and criminal offending at age 23. P3 amplitude and latency were measured over the temporal-parietal junction during a visual continuous performance task (CPT) at age 11. CPT is one of the most frequently used measures of sustained attention in both practice and research (Riccio, Reynolds, Lowe, & Moore, 2002) . Involvement of the interaction of cortical (frontal, temporal, parietal), subcortical (limbic, basal ganglia), and functional systems including the pathways between the basal ganglia, thalamus, and frontal lobes has been suggested by studies (Riccio et al., 2002) . Utilizing both cross-sectional and prospective approaches, we hypothesized that (a) reduced P3 amplitude at age 11 would be associated with increased antisocial behavior at age 11, and (b) adult criminal offenders would show reduced P3 amplitude at age 11. We also explored if the association between age 11 P3 amplitude and age 23 crime would remain significant after controlling for age 23 alcohol use, and age 11 antisocial behavior and hyperactivity, given high comorbidity between antisocial behavior and hyperactivity (Biederman, Newcorn, & Sprich, 1991) . We did not hypothesize an effect on P3 latency, given the conflicting results of previous research (Gao & Raine, 2009; Raine et al., 1990) . Finally, although some evidence suggests that psychopathic criminals exhibit reduced P3 asymmetry in response to visual stimuli (Kiehl et al., 1999) , recent theorizing has not produced substantive lateralization theory of criminal behavior. Therefore the effect of hemisphere was examined but no prediction was made in the current study.
METHODS

Participants
Participants consisted of 73 criminals and 123 noncriminals (see next), who were among a birth cohort of 1,795 children from Mauritius, a tropical island in the Indian Ocean (Raine, Liu, Venables, Mednick, & Dalais, 2010) . All children born in 1969 and 1970 in two towns (Quatre Bornes and Vacoas) were recruited at age 3 years (45.9% were female) on the basis of vaccination records. The ethnic makeup was as follows: 68.7% Indian, 25.6% African, and 5.6% other (Chinese, English, or French descent; Venables, 1978) . A social adversity index was formed based on nine variables collected by social workers who visited the children's homes at age 3 years . One point was scored for each of the following variables: father uneducated (30%), mother uneducated (29.4%), semiskilled or unskilled occupation (55.5%), teenage mother (14.2%), single-parent status (2.1%), separation from parents (0.9%), large family size (30.0%), poor health of mother (3.3%), and overcrowded home (28.8%). Higher scores indicate higher adversity. Written informed consent and assent were obtained from parents and children.
Criminal Offending and Alcoholism at Age 23
Official court records for registration of offenses including property, drug, violence, and serious driving offenses were searched when the participants were aged 23 years. Seventythree criminals and 123 noncriminal controls who had complete P3 and antisocial behavior data at age 11 were included in the current study. The two groups did not differ on gender, χ 2 (1) < 1, p = .84, ethnicity (p = .89), and social adversity, t = (194) = 1.30, p = .19.
Demographic characteristics of the criminals and controls are listed in Table 1 . A history of head injury (involving loss of consciousness) was also taken; criminals and controls did not differ on this measure, χ 2 (1) = 0.016, p = .90 Michigan. Alcoholism was assessed using the Alcoholism Screening Test (MAST), a commonly used screening instrument for alcoholism (Selzer, 1971) . The use of MAST in this Mauritius sample has been validated in prior research (Luczak, Raine, & Venables, 2001) .
Antisocial Behavior and Hyperactivity at Age 11
The Child Behavior Checklist (CBCL; Achenbach & Edelbrock, 1983) was completed by the parents when the children were aged 11 years. Aggression, Non-Aggressive Antisociality, and Total Antisociality scales were derived from the original CBCL Aggression and Delinquency subscales because (a) the original scales for male and female participants are somewhat different, and (b) the CBCL "Aggression" scale contains many items with no aggression component, whereas the "Delinquency" scale contains aggression items (Raine, Venables, & Mednick, 1997) . As indicated by Achenbach, Conners, Quay, Verhulst, and Howell (1989) , it is desirable to have common-item scales for both male and female individuals. Although such scales have been developed for Western cultures (Achenbach et al., 1989) , none have been derived for Mauritius. Revised for the Mauritius population, these new scales have items common to both sexes and are more homogenous measures of aggression and nonaggressive antisocial behavior (see full detail in Raine, Venables, et al., 1997) . Initial construct validity data for these scales indicate that they relate to measures of temperament and body size in theoretically expected directions, with specificity of larger body size and a more disinhibited temperament to aggressive behavior per se (Raine, Reynolds, Venables, Mednick, & Farrington, 1998) . Brief details together with reliability data follow.
Aggression scale (10 items)-This scale consisted of items measuring both physical and verbal aggression (e.g., "Fights," "Cruel," "Swearing," "Threatens"), which were common to both male and female participants. Coefficient alpha was .72 for male and .72 for female participants.
Non-aggressive antisociality scale (10 items)-This scale consisted of items related to antisocial, delinquent behavior that were not aggressive in nature (e.g., "Disobedient," "Keeps Bad Friends," "Lies," "Cheats") and that were common to both male and female individuals. Coefficient alpha was .64 for male and .68 for female participants.
Total antisociality scale (20 items)-This scale comprised the addition of the 10 Aggression items with the 10 Non-Aggressive Antisociality items. Coefficient alpha was .81 for male and .83 for female participants. Aggressive and nonaggressive antisocial scores were highly correlated (r = .73), therefore a total antisociality score was used in the following analyses. Participants were also split into high (M antisociality score = 14.57, SD = 4.90, range 9-31) and low antisocial groups (M antisociality score = 4.34, SD = 2.48, range via = 0-8) via median split.
Finally, Hyperactivity consisted of the nine items from the Achenbach Hyperactivity scale that were common to both male and female participants (e.g., "Hyperactive," "Poor Concentration," "Impulsive"). Coefficient alpha was .57 for male and .56 for female participants.
Psychophysiological Assessment at Age 11 CPT (Raine et al., 2001)-Stimuli for the visual CPT consisted of the numerals 1 through 9 presented via a 22.5 × 33 mm red, seven-segment LED display unit (RS Components No. 586-807) situated one meter in front of the subject. The display unit was driven by an electronic control system programmed from a random access memory and designed to output trigger pulses (1 volt, 50 ms) 200 ms prior to stimulus presentation.
There were 250 trials. The number 5 was designated as the target and was presented 57 times. The remaining numerals were designated as nontargets and were presented 193 times. The probability of a target occurring was .23. Stimulus presentation was pseudo randomized with the constraint that no more than three consecutivetar-gets could occur. Interstimulus interval was 1.5 s with a stimulus display time of 100 ms. The task lasted 6.25 min.
Participants were told that numbers from 1 to 9 would be presented on the display unit and that their task was to press a response button (held in the preferred hand) as quickly as possible as soon as they saw the figure 5. It was stressed that only the number 5 should be responded to and that all other numbers should be ignored. Before the full test procedure, 20 practice trials were given to ensure that the participant understood the task.
P3 recording and data quantification-Event-related potentials were recorded during the CPT. Electroencephalographic (EEG) data were recorded using Beckman silver-silver chloride disc electrodes from bipolar leads T3-P3 and T4-P4 of the International 10-20 system (Jasper, 1958) with Fz as ground . Bipolar leads at more posterior sites were selected to minimize eye movement and other artifacts. Electrodes were filled with Cambridge electrode jelly (Camjel) and attached using collodion glue. The scalp was cleaned with acetone and abraded to keep all resistances below 5 Kohms.
Recordings were made on a Grass Model 79 Poly-graph using wide-band AC Grass 7P5 preamplifiers and 7DA DC driver amplifiers with a band pass of 0.3-100 Hz (-6 dB). Electrooculography (EOG) was recorded with a Grass Model 7DA driver amplifier and a 7P1 DC amplifier, with bipolar electrodes placed on the supra-and infraorbital ridge of the left eye. For the CPT, the longest time constant available on the amplifier (0.92 s) was used. EEG was amplified using a gain of 10,000 with a sampling rate of 512 Hz. A calibration sequence of 10 microvolt square-wave pulses were fed into each amplifier for calibration. All data were recorded on a Racal Store 4 FM tape recorder for off-line analysis.
After deletion of epochs containing EOG artifacts, EEG was sampled 200 ms prestimulus to 800 msec post stimulus, and the signal was adjusted to a 0 μV prestimulus baseline. Targets and nontargets were averaged separately, with digital filtering performed off-line using a 0.1-100 Hz band-pass filter. P3 peak amplitude (μV) and latency was identified as the maximum positive peak at each electrode between 300 and 800 msec poststimulus.
Statistical Analyses
For the behavioral data (response time in millisecond and number of correct responses) independent samples t tests were conducted. Repeated measures analysis of variance (ANOVA) with hemisphere (left, right) as the within-subject factor and criminal group as the between-subjects factor were conducted on P3 responses to targets and nontargets. Analysis of covariance (ANCOVA) was then conducted with the same within-and betweensubjects factors and with age 11 antisocial behavior and hyperactivity and age 23 alcohol use as covariates. Similar t tests and ANOVA analyses with age 11 antisocial group as the between-subjects factor were also conducted. ANCOVA was conducted with age 11 hyperactivity as a covariate. Independent or paired sample t tests were conducted to break down interaction effects. Cohen's d (Cohen, 1988) and partial eta-square were reported for effect sizes.
RESULTS
Descriptive Statistics
Means, standard deviations, and correlations between variables are shown in Table 2 . Left P3 amplitudes to both targets and nontargets were significantly and negatively correlated with the antisocial behavior score; increased antisocial behavior was associated with reduced P3 amplitudes. There was a trend that antisocial behavior was negatively associated with right P3 amplitude to nontargets (p = .08). P3 latencies were uncorrelated with antisocial behavior. Hyperactivity was associated only with right P3 latency to nontargets (r = .207, p = .005).
Criminals and controls did not differ on age 11 antisocial behavior, t(194) = 0.490, p > .05 (criminals M = 9.94, SD = 6.33; controls M = 10.43, SD = 6.61, d = 0.08); hyperactivity, t The aforementioned group effects for P3 amplitudes remained significant after age 11 antisocial behavior, hyperactivity, and age 23 alcoholism were controlled for. For targets, the main effect of criminal group remained significant, F(1, 191) = 3.87, p = .048, η 2 = 0.028, with no significant hemisphere or Group × Hemisphere interactions (all p > .05, η 2 < 0.018). For non-targets, no significant main or interaction effect was found (all p > .05, η 2 < 0.012).. Furthermore, to further control for the effect of substance use on the aforementioned association, analyses were repeated after excluding eight criminals with substance-related offenses. The main effect of criminal group remained significant, F(1, 184) = 4.00, p = .047, η 2 = 0.029. P3 latency-No significant main effect of group or Group Hemisphere interaction was found for targets or nontargets, F(1, 194) < 1.63, p > .05, η 2 < 0.008. However, participants showed shorter latencies in the right hemisphere than in the left hemisphere for both stimuli, F(1, 194) > 25.88, p < .001, η 2 = 0.223 (for targets, right hemisphere M = 751.6, SD = 94.5; left hemisphere M = 808.1, SD = 79.7, d = 0.65; for nontargets, right hemisphere M = 635.3, SD = 88.5; left hemisphere M = 666.8, SD = 87.5, d = 0.36).
Behavioral Performance on the CPT and Age 11 Antisocial Behavior
High and low antisocial groups did not differ on response time, t(194) = 1.25, p > .05 (high antisocial group M = 573.8, SD = 80.8; low antisocial group M = 559.5, SD = 69.1, d = 0.19), or number of correct responses, t(194) = 0.93, p > .05 (high antisocial group M = 55.1, SD = 2.9, low antisocial group M = 54.5, SD = 5.4, d = 0.14).
P3 at Age 11 and Antisocial Behavior at Age 11
P3 amplitude-For targets, the high antisocial group had significantly smaller P3 amplitude than the low antisocial group, F(1, 194) = 14.13, p < .001, η 2 = 0.073 (high antisocial group M = 5.664, SD = 2.60; low antisocial group M = 7.286, SD = 3.21, d = 0.56). No significant main effect of hemisphere or Group × Hemisphere interaction was found, F(1, 194) < .81, p > .05, η 2 < 0.005. For nontargets, the high antisocial group showed significantly smaller P3 amplitude than the low group, F(1, 194) = 11.51, p = .001, η 2 = 0.060 (high antisocial group M = 4.542, SD = 2.26; low antisocial group M = 5.748, SD = 2.51, d = 0.50). P3 amplitude on the left hemisphere (M = 5.181, SD = 2.76) was larger than that on the right hemisphere (M = 4.923, SD = 2.45, d = 0.10). The Group × Hemisphere interaction was not significant, F(1, 194) = 2.89, p = .09, η 2 = 0.016. The aforementioned group effects for P3 amplitudes remained significant after age 11 hyperactivity was controlled for, F(1, 194) > 12.86, p < .001, η 2 > 0.067. 
DISCUSSION
The key finding from this study is that reduced P3 amplitude at age 11 years was associated with criminal offending at age 23 years. This association was not explained by social adversity, ethnicity, gender, or history of head injury and remained significant after controlling for age 11 antisocial behavior and hyperactivity, or age 23 alcoholism. Reduced P3 at age 11 was also associated with antisocial behavior at age 11. Findings are the first to associate reduced evoked potential amplitudes in childhood to adult criminal behavior. Results suggest that reduced P3 amplitude in childhood reflects a process that increases the risk for the later development of criminal behavior and may reflect dysfunction of the temporal-parietal junction.
Consistent with our hypotheses, P3 reduction was associated with both antisocial behavior concurrently at age 11 and criminality at age 23. Although it is unknown if P3 is a marker associated with antisocial behavior or it precedes the development of antisocial behavior, Iacono et al. (2002) 's finding that reduced P3 amplitude at age 17 prospectively predicted the development of externalizing problems at age 20, even among individuals who did not evidence any externalizing problems at the time of P3 assessment supports the proposition that P3 decrements precede the onset of significant antisocial behavior. As previously mentioned, P3 to target stimuli is related to a number of cognitive processes including attention, context-updating operations, and subsequent memory processing (Polich, 2007) . Attenuated P3 amplitude in criminals-to-be may reflect an inability or deficiency in sustaining attention or appropriately allocating attentional resources to task-relevant stimuli. This impairment could interfere with the children's abilities to cope with high situational demands, which in turn predispose them to school failure, occupational failure, and ultimately criminal offending.
An alternative perspective is that reduced P3 amplitude reflects an abnormality in other cognitive processes that are predicated on the temporal-parietal junction. As outlined earlier, the temporal-parietal junction is associated with the generation of P3 and it is critically involved in empathy and inhibition. In addition, studies have indicated that individuals with psychopathic traits (e.g., low empathy) do not necessarily exhibit prefrontal deficits (Blair, Mitchell, & Blair, 2005) . Taken together, reduced P3 amplitude in childhood may reflect the impairment of temporal-parietal junction that is associated with the abnormal development of empathic and moral behavior, which in turn predisposes to criminal offending. Future longitudinal functional brain imaging studies that assess empathy and moral decision making in childhood are needed to further test this hypothesis.
Prior literature has also established that reduced P3 amplitude is associated with a variety of disorders in the externalizing spectrum besides psychopathic and antisocial behavior, including alcohol dependence, drug dependence, nicotine dependence (see review by Patrick et al., 2006) . Furthermore, reduced P3 amplitude has been found to be associated not only with concurrent externalizing behavior but also with risk for the development of behavioral problems. For example, as previously mentioned, it has been found that reduced P3 amplitude at age 17 prospectively predicted the development of externalizing problems of various kinds at age 20, even among individuals who did not show any behavioral symptom at the time of P3 assessment (Iacono et al., 2002) . It is therefore proposed that reduced P3 amplitude reduction may be a nonspecific marker of psychopathology and represent a quantitative endophenotype of externalizing vulnerability (Hicks et al., 2007; Patrick et al., 2006) . Our findings are consistent with this hypothesis, although environmental influences cannot be ruled out. Because P3 was measured at age 11 and it is assumed that at this age alcohol use was virtually nonexistent in this sample, and because controlling for the effect of age 23 alcoholism and substance abuse did not eliminate the relationship, it is unlikely that findings are a confound of substance use. Although prospective research cannot conclusively demonstrate causal relationships, the present longitudinal findings are nevertheless consistent with the view that P3 amplitude reduction may be an early biomarker for processes that raise the risk of adult criminal offending.
Contrary to findings from one prior study of adolescents (Raine et al., 1990) , we do not find abnormal P3 latencies in criminals. Given the tremendous amount of changes to the neural systems from preadolescence to adulthood, we cannot rule out the possibility that these changes may contribute to the different findings. In addition, P3 latency has been found to be heritable in the difficult visual oddball task, but not in the easy visual oddball task (Katsanis, Iacono, McGue, & Carlson, 1997) . The CPT in our study may have been too easy to detect the reliable associations between P3 latency and antisocial behavior. Alternatively, this discrepancy in findings may be partly due to the different paradigms used in the two studies. In Raine et al.'s (1990) study, an auditory contingent negative variation paradigm was used. It consisted of 20 trials of an S1-S2-motor response sequence, and in each trial a warning stimulus (S1) was followed by an imperative stimulus (S2) of a tone of 105 dB intensity. To increase motivation levels, S2 could be terminated by the subject quickly pressing a response button. Some studies have also used the stop-signal or go=no-go task to examine the neurophysiological correlates of behavioral problems in children. These two types of tasks were designed to examine the inability to withhold or stop an ongoing response and have been commonly used in examining behavioral disinhibition in attention deficit hyperactivity disorder (Alderson, Rapport, & Kofler, 2007; Iaboni, Douglas, & Baker, 1995; Logan, Cowan, & Davis, 1984) . In contrast, in the current study the CPT was used, and we focused on the ability to sustain attention. In fact, our failure to find P3 latency effect is consistent with a recent meta-analysis indicating that P3 latency effects may be more salient in older subjects (>18 years) and in auditory rather than visual tasks (Gao & Raine, 2009) . Furthermore, somewhat different neural networks have been implicated in auditory and visual odd-ball tasks (Kiehl et al., 2001) , and future studies are needed to examine if the current findings can be replicated using other modalities.
Consistent with findings from recent P3 studies on criminals and psychopaths and children with oppositional defiant disorder, no group differences were observed on behavioral performance during the CPT task (Iacono et al., 2002; Kiehl, Bates, Laurens, Hare, & Liddle, 2006; Patrick et al., 2006) . This probably is due to the low task difficulty which was reflected by high accuracy rates in both groups. Similarly, brain imaging studies have shown that murderers do not show behavioral underperformance on the CPT despite their reduced frontal activity compared to the controls (Raine, Buchsbaum, & LaCasse, 1997; Raine, Buchsbaum, et al., 1994) . The fact that groups do not differ in behavioral performance indicates that reduced P3 amplitudes in criminals cannot be attributed to inability to perform the task or a motivation deficit in this group. In fact, their performance is relatively good for the 11-year-olds. It is possible that other cortical or subcortical brain regions not normally utilized on this task compensated for the temporal-parietal junction dysfunction in criminals, thus allowing them to perform as well as controls on the CPT. Future brain imaging studies are needed to test this hypothesis. Finally, although most studies that investigated the visual or auditory evoked P3 found a delay of latency and a decrease of amplitude for more difficult discrimination processes, especially when comparing target stimuli with nontarget stimuli (Polich, 1987; Senkowski & Herrmann, 2002) , this effect of difficulty does not seem to interact with criminality.
It is worth noting that although P3 amplitude reduction is specific to detecting the target for adults, at age 11 it is generalized to both targets and nontargets. Although the target P3 is associated with a facilitatory updating of memory processes, the nontarget P3 is linked to an inhibitory updating (McCallum, Barrett, & Pocock, 1989) . P3 deficits to both stimuli may reflect generalized information-processing deficits associated with delayed brain maturation in children. During childhood and adolescence, the human brain continues to mature and differentiate. It is possible that at age 23 this more generalized cognitive deficit disappears due to brain maturation, and P3 deficits become more specific to detecting target stimuli in adult criminals. Alternatively, strong genetic influences have been found for amplitudes for nontarget stimuli in children and adolescents, and suggestions are that the genetic factor influencing targets is the same as that influencing nontargets (Van Baal, De Geus, & Boomsma, 1998; Van Beijsterveldt, Molenaar, De Geus, & Boomsma, 1998) . Given that the stability of P3 amplitudes over time is high and heritable (Carlson & Iacono, 2006) , it is proposed that the association between antisocial behavior and P3 amplitudes and the underlying mechanisms remain unchanged across time. Longitudinal research is needed to test this proposition.
Only letters were involved in the current CPT, and it is unknown if findings generalize to emotional-relevant CPT. In one study, undergraduate students with high versus low psychopathic tendencies were compared when they detected rare emotional faces (fear, happy, etc.) among a series of neutral ones. It was found that the high psychopathy group showed delayed P3 latency to emotional faces compared to the low psychopathy group, although no effect on P3 amplitude was found (Campanella, Vanhoolandt, & Philippot, 2005) . Given the important role of the temporal-parietal junction in emotional aspects such as empathy and moral decision making, and the view that antisocial behavior is characterized by deficient emotional processing, it is speculated that antisocial individuals show P3 deficits when a CPT with emotional components is employed.
Limitations of the current study need to be recognized. First, P3 data were not available in very early childhood due to the task requirement to respond to target stimuli. It has been found that age 3 electrodermal fear conditioning deficits are associated with crime at age 23 (Gao, Raine, Venables, Dawson, & Mednick, 2010) , raising the question as to at what age the P3 abnormality is in place. Given that evidence has accumulated to suggest a neurodevelopmental basis to offending (Moffitt, 1993; Raine et al., 2004; Raine et al., 2003) , the possibility that a P3 deficit among future criminals could be observed in preschool years needs to be tested using a passive P3 task. Second, this study was conducted in Mauritius and it needs to be ascertained whether this P3-crime association generalizes to Western countries. We have, however, repeatedly found that theories and empirical findings derived from Western cultures hold up in the Mauritian context . Third, a bipolar montage (T3-P3, T4-P4) was used in the current study, which courses along the temporal-parietal junction. Although the resulting amplitudes predominantly reflect the P3 event-related potentials at P3 and P4 sites (corresponding to the angular gyrus-a part of the temporal-parietal junction) as indicated by recent studies (Koessler et al., 2009; Okamoto et al., 2004) , functional imaging in childhood is required to more directly assess dysfunction of these brain areas in relation to antisocial behavior. Fourth, it can be neither claimed nor concluded from our study that P3 deficits are specific to antisocial behavior because the internal reliability of the Hyperactivity scale was relatively low.
The clinical significance of these findings can be viewed at two levels. First, an important feature of these findings is that P3 measured at age 11 years predicts later criminal behavior. Two previous prospective studies had measured event-related potentials at age 15 years (Raine et al., 1990) and age 17 years (Iacono et al., 2002) . Together with the behavioral genetic literature which suggests that P3 amplitude is an etiologically relevant process in externalizing behavior (Hicks et al., 2007) , current findings that age 11 P3 is linked to both aggression at age 11 and also criminal behavior at age 23 suggest that P3 abnormalities may occur fairly early in life and may indirectly reflect a process of etiological significance. As such, findings push time of prediction back 4 years and have implications for the early prediction of antisociality in children. Second, given that previous studies have found that birth complications and maternal rejection at age 1 year (Raine, Brennan, & Mednick, 1994) and deficient electrodermal fear conditioning at age 3 years (Gao et al., 2010) are associated with adult violence, one practical implication of the current findings is that treatment and intervention studies need to begin much earlier in life than hitherto in order for success to be maximized in preventing violence.
In conclusion, these initial longitudinal findings indicate that reduced P3 amplitude at age 11 is associated with both antisocial behavior at age 11 and criminal offending at age 23. It is hypothesized that reduced P3 may be an early neurobiological marker for cognitive and affective processes predicated on the temporal-parietal junction (attention, empathy, moral decision making) that place a child at risk for adult antisocial and criminal behavior. Taken together with other early neurobiological markers that include fear conditioning (Gao et al., 2010) , results are suggestive of a neurodevelopmental perspective of antisocial and criminal behavior. 
